ABSTRACT Objectives: To elucidate the association between antiplatelet use in patients with non-haemorrhagic moyamoya disease before hospital admission and good functional status on admission in Japan.
INTRODUCTION
Moyamoya disease is an uncommon condition characterised by progressive stenosis of the terminal portion of the internal carotid artery and its main branches. 1 2 Its aetiology is unknown; it is most common in countries in East Asia such as Japan and Korea, and this disease has been increasingly recognised in the USA and other Western countries. [3] [4] [5] Moyamoya disease is the most common paediatric cerebrovascular disease in Japan, with an estimated annual prevalence of approximately 3 cases per 100 000 people. 3 6 7 The reported incidence of moyamoya disease in Europe is 1/10th that in Japan. 8 9 In the USA, the incidence is 0.086 cases per 100 000 persons, and ethnicityspecific incidence rate ratios compared with Caucasians were 4.6 for Asian Americans, 2.2 for African Americans and 0.5 for Hispanics. 10 There have been no doubleblind randomised controlled trials regarding
Strengths and limitations of this study
▪ This is the first report of a relationship between prehospital antiplatelet use and a good outcome of non-haemorrhagic moyamoya disease. ▪ Our findings were derived from nationwide registry data from 327 certified training medical institutions in Japan, and the present study provides a representative patient population in Japan. ▪ Prehospital antiplatelet use was not random. ▪ Moyamoya disease is uncommon, and the sample size for propensity-matched analysis was relatively small.
treatment, and there is uncertainty about the use of antiplatelet agents in the management of moyamoya disease.
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The oral administration of antiplatelet agents is believed to reduce the incidence and improve prognosis of patients with non-haemorrhagic moyamoya disease. The use of antithrombotic drugs such as aspirin, ozagrel, argatroban and heparin has been recommended in adult patients with moyamoya disease manifesting as cerebral infarction. 3 12 However, there is insufficient evidence for using these drugs, especially for asymptomatic patients with moyamoya. 3 11 13 In paediatric patients, antiplatelet therapy with aspirin alone has been reported to be effective; however, it may also increase the risk of Reye syndrome. 3 14 Findings from previous studies were not consistent, and the effectiveness of antiplatelet drugs for moyamoya disease has not been established. There have been no previous studies regarding the effects of prehospital antiplatelet use on functional status on admission in patients with nonhaemorrhagic moyamoya disease.
We investigated the association between the use of antiplatelet drugs and good functional status in patients with non-haemorrhagic moyamoya disease admitted to hospitals, in a multicentre database from the Acute Stroke care capacity for Proper dEsignation of Comprehensive stroke cenTer in Japan ( J-ASPECT study).
METHODS

Data collection
This study was based on multicentre nationwide data from a 2-year survey ( J-ASPECT study) of patients with moyamoya disease in Japan. A consecutive and retrospective database of all patients with stroke admitted to the hospital was started in 2012. Among 847 certified training institutions of the Japan Neurosurgical Society, Japanese Society of Neurology and/or Japan Stroke Society throughout the country, 327 institutions participated in this study. The J-ASPECT database includes the clinical data and disease classification of all patients with stroke obtained from the participating institutions. Disease classification is recorded according to the International Classification of Diseases, 10th revision (ICD-10). Detailed information of the J-ASPECT database has been provided elsewhere. [15] [16] [17] Data of all patients with moyamoya disease admitted to the hospital between 1 April 2012 and 31 March 2014 with a diagnosis of moyamoya disease according to the ICD-10 code I67.5 were used.
Study design and patients
This was a retrospective observational study. The requirement for written informed consent was waived. Patient records and other patient information remained anonymous and were de-identified prior to analysis. All methods were carried out in accordance with approved guidelines and regulations.
Identification of moyamoya disease Moyamoya disease was diagnosed by patients' medical history and radiological examinations according to the criteria of the guidelines for diagnosis and treatment of moyamoya disease (ie, spontaneous occlusion of the circle of Willis). 3 18-22 Diagnostic criteria of moyamoya disease were characterised by (1) stenosis or occlusion at the terminal portions of the internal carotid artery, or the proximal areas of the anterior or middle cerebral arteries, (2) presence of abnormal vascular networks in the arterial territories near the occlusive or stenotic lesions and (3) bilateral lesion. A definite diagnosis was based on CT examination or MRI/angiography findings without conventional catheter angiography. Patients were evaluated to exclude all other similar cerebrovascular lesions associated with atherosclerosis, autoimmune disease, meningitis, brain tumours, Down syndrome, neurofibromatosis type-1, traumatic brain injury, cranial irradiation, etc.
Study variables
Study variables are listed by prehospital antiplatelet use status in table 1. Collected data on patients with moyamoya disease included demographic data (age and sex); body mass index (BMI); smoking history; and a medical history of hypertension, diabetes mellitus and hyperlipidaemia. Prehospital antiplatelet use (aspirin, clopidogrel and cilostazol) was identified from outpatient procedure information of the participating hospitals based on the Diagnosis Procedure Combination (DPC) Database. The day of the week was also included as a categorical explanatory variable because previous studies reported higher mortality for patients with stroke admitted on weekends. 23 24 The number of days from stroke onset was included as a categorical variable (0-3, 4-7, ≥8 days and asymptomatic or not available). Assessment of coma and impaired consciousness on hospital admission was measured using the Japan Coma Scale. 17 25 The modified Rankin Scale score was used on admission as a measure of disability and functional status after stroke, with values ranging from 0 (no symptoms) to 5 (severe disability and bedridden) and 6 (death). 26 The modified Rankin Scale was evaluated by local neurologists who were blinded to treatment assignment. Comorbidity was assessed with the Charlson Comorbidity Index score. 27 Data on Comprehensive Stroke Centre (CSC) capability were used as a measure of hospital ability. CSC capability was defined by the CSC score, which was recommended by members of the Brain Attack Coalition, 28 for establishing CSCs capable of delivering a wide variety of specialised care to seriously ill patients with stroke and cerebrovascular disease. Details have been published previously. [15] [16] [17] End points The primary end point was the proportion of patients who had a good functional status defined by a modified Rankin Scale score of 0-1 (ie, symptom free or residual symptoms with no loss of activity) 29 on hospital admission. All modified Rankin Scale assessments were performed by study investigators involved in treating patients who were unaware of the treatment assignment.
Statistical analysis
Data that fulfilled the inclusion criteria of the modified Rankin Scale score were analysed. Data for all cases were fitted to three types of unconditional logistic regression models using the modified Rankin Scale score on hospital admission as a dependent variable.
As antiplatelet use before hospital admission was not random in the patient population, we developed a propensity score for antiplatelet use before hospital admission, and controlled for potential confounding factors and selection bias. 30 31 The propensity score for prehospital antiplatelet use was determined by multivariate logistic regression analysis without considering patient outcomes. Specifically, a full non-parsimonious logistic regression model was fitted with prehospital antiplatelet use as a dependent variable, which included all variables as independent variables; shown in table 1. The propensity score for antiplatelet use before hospital admission was calculated from the logistic regression equation for each patient. This propensity score represented the probability that a patient with moyamoya disease would be given an antiplatelet agent before hospital admission. Based on the propensity score, patients with moyamoya disease who received antiplatelet agents before hospital admission were matched with unique control patients who were not given such agents before hospital admission. Using data for the propensity-matched patients, four types of conditional logistic regression models were fitted with a modified Rankin Scale score on hospital admission as a dependent variable. The two-sided significance level for all tests was p<0.05. All statistical analyses were performed using Stata V.13.1 (Stata Corp, College Station, Texas, USA) and R, V.3.1.2 (R Core Team, R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Patients' characteristics
We analysed 1925 patients with non-haemorrhagic moyamoya disease (figure 1 and table 1). The mean patient age was 28.9±19.9 years in men and 33.9±18.7 years in women, and the distribution of age at onset by sex has been suggested to have two peaks (see online supplementary figure S1). Significant differences were found between the antiplatelet use and no antiplatelet use groups with respect to sex, age, BMI, smoking history, medical history of hypertension and hyperlipidaemia, emergency hospitalisation, Charlson Comorbidity Index score on hospital admission and modified Rankin Scale score on hospital admission. Patients with moyamoya treated with prehospital antiplatelet therapy were significantly older, had a higher BMI, and had a higher incidence of hypertension, hyperlipidaemia and a smoking history.
Antiplatelet use and outcomes
Relationships between prehospital antiplatelet use and outcomes among all patients with non-haemorrhagic moyamoya disease are shown in table 2. In the unadjusted model, there was a significant association between prehospital antiplatelet use and good functional status on hospital admission (OR, 1.45; 95% CI 1.07 to 1.96). After adjusting for all covariates, there was a similar association between prehospital antiplatelet use and good outcome on hospital admission (OR, 1.52; 95% CI 1.11 to 2.09).
Antiplatelet use and outcomes in propensity-matched patients To calculate the propensity score, a full nonparsimonious logistic regression model was fit. This model yielded a C statistic of 0.724, which indicated a strong ability to differentiate between those who did and those who did not use antiplatelet agents before hospital admission. The propensity score ranged from 0.216 to 0.632, which indicated that the probability of antiplatelet use before hospital admission by a patient with nonhaemorrhagic moyamoya disease would be between 0.216 and 0.632. In this study, 289 patients who received antiplatelet agents were matched with 289 patients who did not receive such treatment (table 3) . There were no significant differences in any of the variables between patients who received antiplatelet agents and those who did not, indicating that these propensity-matched patients were well matched. Our propensity score matching reduced standardised differences for all covariates below 10% in absolute value, demonstrating substantial improvement in covariate balance across the treatment groups (see online supplementary figure S2). 32 33 Relationships between prehospital antiplatelet use and outcomes among propensity-matched patients with nonhaemorrhagic moyamoya disease are shown in table 4. In the unadjusted model, there was a significant relationship between prehospital antiplatelet use and good functional status on hospital admission (OR, 1.71; 95% CI 1.00 to 2.94). After adjusting for all covariates, prehospital antiplatelet use was significantly associated with good outcomes on hospital admission (OR, 3.82; 95% CI 1.22 to 11.99). The positive association became increasingly more evident after adjusting for selected variables, and after adjusting for all variables.
DISCUSSION
Most importantly, our results suggested that, based on propensity-matched analysis controlling for selection bias and confounding factors, there was evidence for good outcomes on hospital admission among patients with non-haemorrhagic moyamoya disease with prehospital antiplatelet use. Moreover, these positive associations became increasingly evident after adjusting for selected variables, and after adjusting for all variables. This is the first report of a relationship between prehospital antiplatelet use and a good outcome of non-haemorrhagic moyamoya disease. Our results suggested that prehospital antiplatelet use should be considered when evaluating outcomes in cases of non-haemorrhagic moyamoya disease, and this might be of value in both the clinical management of non-haemorrhagic moyamoya disease and in the ability of patients to cope with the disease.
Appropriate medical treatments for moyamoya disease are not currently available.
11 34 Therefore, it is widely believed that direct and indirect cerebrovascular revascularisation procedures are advisable, and they remain the most beneficial form of therapy despite the lack of systematic evaluation protocols for operative treatment. 3 We found that prehospital antiplatelet use was a significant predictor of good outcome on hospital admission for non-haemorrhagic moyamoya disease. Our findings also suggested the importance of early identification of high-risk individuals predisposed to non-haemorrhagic moyamoya disease and early medical treatment to reduce the risk of ischaemic stroke and transient ischaemic attack. Antiplatelet use before hospital admission was consistently a significant and positive predictor of outcome on hospital admission in the four statistical models. Aspirin is widely recommended as antiplatelet therapy for patients with non-haemorrhagic moyamoya disease. 3 Additionally, a recent systematic review established that aspirin at a dose of 160-300 mg daily, started within 48 h of the onset of stroke symptoms, reduced the risk of early recurrent ischaemic stroke without a major risk of early haemorrhagic complications, and long-term outcomes were also improved. 35 Recent studies also showed that microembolic signals are associated with recent ischaemic symptoms and progression of arterial lesion, and independently predict cerebral ischaemic events among patients with moyamoya disease. 36 37 European cohort studies also indicated that embolic infarctions are sometimes observed in the beginning of moyamoya disease, and haemodynamic compromise was also shown in patients with high-intensity transient signals. 38 39 Thus, aspirin may help in embolic strokes, not in haemodynamic ischaemia. Clopidogrel has also been considered as an alternative in cases where aspirin is not tolerated or fails, 40 and a recent systematic review indicated that an alternative antiplatelet agent should be considered in people who cannot tolerate aspirin, although evidence for other agents is inadequate. 35 Also, a large-scale trial indicated that antiplatelets are beneficial for all forms of intracranial stenosis. [41] [42] [43] [44] Our results were consistent with previous findings. However, other trials of combination therapy with clopidogrel and aspirin did not show a reduction in the risk of ischaemic events but did show an increased risk of haemorrhage. [45] [46] [47] This discrepancy may have been due to differences in the target population; mainly patients with transient ischaemic attack and minor stroke were included in the previous studies.
This study had several other notable findings. First, in the propensity-matched patients, a significant positive association was also detected after adjusting for all covariates (table 4). Our findings are derived from four different models, and all analyses consistently showed that prehospital antiplatelet use was independently associated with good outcomes on hospital admission among patients with non-haemorrhagic moyamoya disease. Our results showed no clear heterogeneity of a treatment effect with all covariates. This suggests that patients with moyamoya disease are likely to benefit from prehospital antiplatelet therapy. Second, overall, 88.1% of patients in the antiplatelet group had a good functional outcome on hospital admission. A similar basic pattern was found among propensity-matched patients. The natural course of moyamoya disease is not fully understood because there have been few studies on the progression of the disease.
1 Thus, our results suggest the importance of prehospital antiplatelet use for the prognosis of moyamoya disease. However, previous studies have suggested that the frequency of cerebrovascular events, including ischaemic and haemorrhagic stroke, is high in adults with moyamoya disease who are treated conservatively. 9 48 49 This discrepancy may be due to the effects of varying factors for CSC capability and mutual confounding for antiplatelet use; these were controlled for in the present study, but not in previous studies. Studies of a more appropriate design and further discussion of antiplatelet-specific issues are needed, and very large randomised trials are required.
Understanding the effects of antiplatelet use for moyamoya disease is important for planning the treatment of this disease. Our results suggested a potential benefit of prehospital antiplatelet use if the diagnosis can be made earlier. Aspirin, especially, is inexpensive, easy to administer and safe, which increases its potential public health use globally. A previous worldwide survey showed that the majority of non-Asian experts recommended longterm antiplatelet therapy for moyamoya disease, although, among Asian experts, this is an unusual approach to treating this disease. 11 If antiplatelet treatment prevents a poor outcome, then more patients could be saved worldwide with substantial numbers avoiding long-term disability. Especially, the use of aspirin among Asian experts would benefit, as the incidence of moyamoya disease is higher among Japanese and Korean populations, while intracranial atherosclerosis (ICAS) is more common in Chinese and other Asian groups. [50] [51] [52] Our study had several methodological limitations. First, prehospital antiplatelet use was not random. Considering possible non-random use of prehospital antiplatelet drugs, we performed a propensity analysis and rigorously adjusted the data for selection bias and confounding factors. Nevertheless, this approach can only partially control and adjust for factors actually measured, and cannot account for non-observed variables. Thus, any hidden bias due to latent variables may remain after matching, whereas randomised allocation can control for both, known and unknown confounding factors, and avoid the introduction of bias.
Second, the reason why patients with moyamoya with prehospital antiplatelet use had a higher percentage of risk factors of cerebrovascular diseases such as hypertension, hyperlipidaemia and a smoking history remains unknown. Moyamoya disease is often associated with hypertension, which has been attributed to stenosis of the renal arteries. Recently, a polymorphism of RNF213, the susceptibility gene for moyamoya disease, was reported to be associated with blood pressure. 53 However, clinical progression in adult patients with asymptomatic moyamoya disease was associated with decreased vascular reserve, smoking and hypertension. 54 In this study, patients with moyamoya with haemorrhagic presentation were excluded based on comorbid conditions on admission. Therefore, it is reasonable to assume that the index stroke in these cases was mild ischaemic stroke or transient ischaemic attack, and patients with prehospital antiplatelet use may be those who were considered high risk for clinical or disease progression, or recurrence of ischaemic stroke or attacks in the participating hospitals.
Third, moyamoya disease is uncommon, and the sample size for propensity-matched analysis was relatively small. In Japan, the Japan Adult Moyamoya ( JAM) Trial was the largest, multicentre, retrospective, randomised, controlled trial that has been conducted since 2001. 26 However, this study has been conducted by 22 medical institutions, and it only focused on adult haemorrhagic patients with moyamoya. In addition, a recent study of the JAM trial showed that 213 patients were assessed for eligibility from January 2001 to June 2008. 26 In contrast, our findings were derived from nationwide registry data from 327 certified training medical institutions in Japan, and the study model used 1925 patients. Thus, we believe that the present study provides a more representative patient population in Japan.
Fourth, owing to the limited number of antiplatelet dose measurements available did not allow individual categorisation by prehospital antiplatelet use, appropriate dose-response estimates were not possible. Additional analyses using dose may provide further insight into the outcome associated with prehospital antiplatelet use.
Fifth, the period we analysed was short (ie, 2 years, from 1 April 2012 to 31 March 2014). The epidemiological features in moyamoya disease have changed over time; for example, for reasons not yet understood, the incidence of paediatric moyamoya disease has begun to decrease. Additionally, we could not consider the time period in the progressive nature of moyamoya disease for each patient. These factors indicate a need for more precise modelling of the effects of antiplatelet use on moyamoya disease, and will be a critical focus of future studies.
Sixth, there are controversial issues regarding the treatment of moyamoya disease, especially for asymptomatic adult patients with moyamoya disease. Asymptomatic moyamoya disease in adults is not a permanent stable disease, and the definition and clinical features are still unclear. This study included asymptomatic cases, and cases without a specific interval between the index attack and admission, which accounted for up to 40% of cases; thus, further study is required to clarify detailed information on their mode of presentation, which may affect their functional status, such as headache, remote mild ischaemic attack, or non-specific symptoms related to haemodynamic insufficiency caused by inadequate collaterals in patients with moyamoya disease. Additionally, this study might include patients who received solely medical management prior to surgical treatment, and data on in-hospital treatment were not included in the analysis. Thus, we could not control for the effects of in-hospital medical procedures, such as surgical treatment. Our results should be interpreted with caution in this respect.
In conclusion, this study provided the first evidence that prehospital antiplatelet use is significantly associated with a good outcome among patients with non-haemorrhagic moyamoya disease in Japan. Prehospital antiplatelet use should be considered when evaluating the outcome of patients with non-haemorrhagic moyamoya disease.
